The search for innovative therapeutic agents in non-small cell lung cancer (NSCLC) has witnessed a swift evolution. The number of targeted drugs that can improve patient outcomes with an acceptable safety profile is steadily increasing. In this review, we highlight current drugs that have already been approved or are under evaluation for the treatment of patients with NSCLC, either in monotherapy or combined therapy for both the first-and second-line settings. Experience with drugs targeting the vascular endothelial growth factor and its receptor, as well as the epidermal growth factor receptor is summarized. Moreover, we provide an overview of more novel targets in NSCLC and initial experience with the respective therapeutic agents.
Introduction
Lung cancer is the second most common cancer and is the leading cause of cancer mortality worldwide for both men and women [Siegel et al. 2012] . Most patients will present with incurable disease and face a 5-year relative survival rate of up to 17% with current standard therapies [Askoxylakis et al. 2010 ]. More than 80% of lung cancers are non-small cell lung carcinoma (NSCLC), which includes adenocarcinoma, squamous cell carcinoma, large cell carcinoma, and NSCLC that cannot be further classified. Treatment of lung cancer depends on the cell type (NSCLC versus small cell), tumor stage, and the patient's overall condition. Patients with early disease (stage I, II, or III-a) NSCLC are generally treated with curative intent, using surgery, chemotherapy, radiation therapy, or a combined modality approach. However, patients deemed suitable for curative treatment will still maintain a high rate of relapse. Patients with advanced disease are often treated with systemic chemotherapy but response and survival rates continue to be modest [Vilmar and Sorensen, 2011] . In the last few decades, our understanding of the molecular biology of tumors has increased tremendously. This has allowed researchers to design and develop selective agents to specifically target the oncogenic pathways that drive tumor cell growth, proliferation, angiogenesis, and invasion. In this review (last literature search performed on 1 April 2013), we discuss new targeted agents that have emerged to treat these tumors, and the clinical development of novel agents with the potential to improve survival rates of patients with NSCLC.
Drugs blocking ligands and receptors

Vascular endothelial growth factor
The vascular endothelial growth factor (VEGF) production is initiated by features characteristic of tumors such as tumor hypoxia, necrosis, and oncogene expression. VEGF has a central role in tumor angiogenesis, influencing other pro-angiogenic factors. It is overexpressed in a variety of tumors including NSCLC and may be associated with reduced survival [Otrock et al. 2011] .
Bevacizumab. Bevacizumab is a recombinant humanized monoclonal antibody to VEGF. It has a prolonged half-life, allowing administration every 2-3 weeks, and demonstrates a high affinity to the VEGF-A isoform. Preclinical studies have shown synergistic activity of bevacizumab in combination with various chemotherapeutic agents [Browder et al. 2000 ]. Clinical trials have demonstrated the benefit of using bevacizumab in combination with chemotherapy in the first-line setting in patients with advanced NSCLC. The phase II AVF0757g trial randomized patients to bevacizumab, 7.5 mg/kg or 15 mg/kg once every 3 weeks, in combination with carboplatin-paclitaxel compared with carboplatin-paclitaxel alone [Johnson et al. 2004 ]. The greatest benefit was observed in the 15 mg/kg cohort in combination with carboplatin-paclitaxel with a significant improvement in response rates (31.5% versus 18.8%) and median time to disease progression (7.4 versus 4.2 months) compared with the control arm [Johnson et al. 2004] . Moderate improvement in overall survival was also observed (17.7 versus 14.9 months) [Johnson et al. 2004 ]. Bleeding events noted with bevacizumab in this study were mainly minor epistaxis; however, six patients had major bleeding events, four of them fatal, most frequently in patients with squamous carcinoma tumors located close to major blood vessels [Johnson et al. 2004] .
This led to the design of the pivotal ECOG 4599 phase III study of bevacizumab, 15 mg/kg, in combination with carboplatin-paclitaxel as firstline therapy, in patients with nonsquamous cell advanced NSCLC without brain metastasis [Sandler et al. 2006 ]. Chemotherapy was administered every 3 weeks for 6 cycles, and bevacizumab was administered every 3 weeks until disease progression was evident or toxic effects were intolerable [Sandler et al. 2006 ]. There was a significant improvement in response rate (35% versus 15%, p < 0.001), median overall survival (12.3 versus 10.3 months, p = 0.003), and progression-free survival (6.2 versus 4.5 months, p < 0.001) in patients who received bevacizumab. The safety profile of bevacizumab in combination with carboplatin-paclitaxel was acceptable with the most common adverse events observed being hypertension, proteinuria, and minor bleeding. Only 3% of patients experienced grade 3-4 bleeding events. Interestingly, 24% of the patients in the bevacizumab-carboplatin-paclitaxel group had neutropenia compared with 16% in the carboplatin-paclitaxel alone group, suggesting that bevacizumab improved penetration to both the tumor and the bone marrow [Sandler et al. 2006 ]. The AVAil phase III trial evaluated the addition of bevacizumab to cisplatin-gemcitabine as first-line therapy in patients with advanced NSCLC. The addition of bevacizumab (7.5 or 15 mg/kg) also significantly improved progression-free survival and objective response rate [Reck et al. , 2010b . This raised the question of which is the ideal platinum-based regimen for use in combination with bevacizumab, although overall survival benefit was only noted with the carboplatin-paclitaxel and not the cisplatin-gemcitabine combination. Irrespectively, a recent meta-analysis of randomized, phase II/III trials adding bevacizumab to platinum-based chemotherapy as firstline treatment in patients with advanced NSCLC confirmed the benefit of bevacizumab on prolonged overall and progression-free survival without unexpected toxicity [Soria et al. 2013] . Benefit of this regimen in elderly patients (>65 years), however, is controversial [Laskin et al. 2012; Spigel et al. 2012; Zhu et al. 2012] . Pretreatment measurement of circulating VEGF-A level is of prognostic value in patients receiving bevacizumab [Hegde et al. 2013] .
A phase II study of first-line bevacizumab plus pemetrexed-carboplatin followed by maintenance bevacizumab in responding or stable patients showed that the regimen is well tolerated and displayed remarkable activity [Stevenson et al. 2012 ]. The clinical benefit and safety of continued bevacizumab treatment in patients with advanced NSCLC whose disease has progressed after firstline treatment with bevacizumab plus a platinumbased doublet is currently under evaluation [Gridelli et al. 2011; Takeda et al. 2012] .
Aflibercept. The VEGF Trap AVE0005 (aflibercept) is a specific antagonist that binds and inactivates circulating VEGF. The VEGF Trap is a fusion protein consisting of human VEGF receptor extracellular domains fused to the Fc portion of human IgGl. It has a higher binding affinity to VEGF-A but also binds VEGF-B plus the related factors PlGF1 and PlGF2. The VEGF Trap may inhibit tumor growth by reducing the density of tumor vasculature and reducing the escape of tissue matrix components from leaky tumor vessels [Chu, 2009] . Aflibercept was recently studied in a phase II clinical trial, with a dose schedule of 4.0 mg/kg given every 2 weeks to patients with platinum-and erlotinib-resistant, locally advanced, or metastatic adenocarcinoma of the lung. The results of this multicenter, open-label, single-arm, study showed an acceptable safety profile in 89 patients that were evaluable after a mean of 4 cycles, with common toxicities including dyspnea, hypertension, and proteinuria seen in 21%, 23%, and 10% of patients, respectively [Leighl et al. 2010] . Its activity as a single agent, however, was minor, with an overall response rate of 2%, median progression-free survival of 2.7 months, and overall survival of 6.2 months. A more recent phase III trial showed no benefit from the addition of aflibercept to docetaxel in patients with platinum-resistant advanced or metastatic NSCLC .
Epidermal growth factor receptor Epidermal growth factor receptor (EGFR), also known as HER1, is frequently dysregulated in carcinomas. Its activation initiates a signal transduction cascade that promotes tumor-cell proliferation and survival. The overexpression/dysregulation of EGFR is associated with poor prognosis and can transform cells in a ligand-dependent manner. EGFR blockade inhibits tumorigenicity .
Cetuximab. Cetuximab, a monoclonal antibody that binds EGFR, is used in colorectal cancer as well as squamous cell cancer of the head and neck. A phase II trial explored the role of EGFR amplification, assessed by fluorescent in-situ hybridization (FISH), in locally advanced or metastatic NSCLC patients treated with concurrent or sequential carboplatin, paclitaxel, and cetuximab [Hirsch et al. 2008] . The study showed that in those patients with FISH-positive tumors, there was an increase in both progression-free survival (6 versus 3 months, p = 0.0008) and overall survival (15 versus 7 months, p = 0.04). Considerable clinical efficacy with an acceptable toxicity were also demonstrated when a regimen including docetaxel instead of paclitaxel was used [Fischer et al. 2012] . In a randomized phase III trial (FLEX), cetuximab was also studied in the first-line setting in combination with cisplatinvinorelbine, compared with cisplatin-vinorelbine alone, in patients with NSCLC that expressed EGFR by immunohistochemistry (IHC) [Pirker et al. 2009 ]. The chemotherapy was given in combination with cetuximab for up to six cycles, and in responding patients (partial response or stable disease); the cetuximab was continued until progression. Patients receiving cetuximab had an increased response rate (36% versus 29%), and improved median survival (11.3 versus 10.1 months, p = 0.044). Important in this study is the fact that the advantage in overall survival was observed not only in nonsquamous NSCLC (12.0 versus 10.3 months) but also in squamous cell NSCLC (10.2 versus 8.9 months) [Pirker et al. 2009 ]. More recent data on the benefit of cetuximab added to chemoradiation in unresectable advanced NSCLC are conflicting [Blumenschein et al. 2011; Govindan et al. 2011; Jensen et al. 2011] . A recent meta-analysis, however, concluded that cetuximab-based chemotherapy produces significant clinical benefit with acceptable toxicity as a first-line strategy in patients with advanced or metastatic NSCLC, although highlighting the need to identify markers predictive of cetuximab benefit [Ibrahim et al. 2011] . Irrespectively, it is now established that evaluation of EGFR expression predicts response for NSCLC patients receiving cetuximab plus chemotherapy [O'Callaghan et al. 2010; Pirker et al. 2012] . Moreover, a recent subanalysis of the FLEX trial showed that first-cycle rash was associated with a better outcome in patients with advanced NSCLC who received cisplatin-vinorelbine plus cetuximab as a first-line treatment, suggesting it could be a surrogate clinical marker used to tailor cetuximab treatment for advanced NSCLC [Gatzemeier et al. 2011] . Trials evaluating the combination of cetuximab and bevacizumab in chemo-naive patients with NSCLC are emerging [Bonomi et al. 2013] and further data are warranted.
Nimotuzumab. Nimotuzumab is a novel anti-EGFR monoclonal antibody that was recently evaluated in patients with advanced NSCLC. Phase I trials established attractive safety of the drug and further studies are awaited [Bebb et al. 2011; Kim et al. 2013] .
Tyrosine kinase inhibitors
EGFR
Activating mutations in the gene encoding EGFR can confer sensitivity to EGFR tyrosine kinase inhibitors in patients with advanced NSCLC. Mutations associated with enhanced sensitivity to EGFR tyrosine kinase inhibitors are found in exons 18-21 of the tyrosine kinase domain of EGFR. Two types of mutations, short in-frame deletions in exon 19, clustered around the aminoacid residues 747-750 as well as a specific exon 21 point mutation (L858R), have been reported to comprise up to 90% of all activating EGFR mutations. Other activating mutations include point mutations in exon 18 (including mutations in codon 719) and point mutations and in-frame insertions in exon 20 (including T790M). Testing for mutations in EGFR has been an important step in clinical trials evaluating the role of EGFR tyrosine kinase inhibitors, as noted in subsequent sections. Various methods have been investigated as potential alternatives to the historical standard for EGFR mutation testing, direct DNA sequencing. Many of these are targeted methods that specifically detect the most common EGFR mutations. The development of targeted mutation testing methods and commercially available test kits has enabled sensitive, rapid, and robust analysis of clinical samples. The use of screening methods, subsequent to sample microdissection, has also ensured that identification of more rare, uncommon mutations is now feasible. Cytology samples including fine needle aspirate and pleural effusion can be used successfully to determine EGFR mutation status provided that sensitive testing methods are employed [Ellison et al. 2013] . Although patients with EGFRmutation-positive tumors may have the greatest degree of benefit [Paz-Ares et al. 2010] , the data are not clear that EGFR-mutation-negative patients (wild type) will not benefit at all [Laurie and Goss, 2013] .
Identification of mutations that can predict response to targeted therapeutics in patients with NSCLC has been the focus of the Lung Cancer Mutation Consortium who analyzed approximately 800 lung adenocarcinoma tumor samples and identified mutations in 54% of the samples; the most common molecular changes identified were KRAS mutations (22%), EGFR mutations (17%), and ALK rearrangements (7%, to be covered in subsequent section) [Kris et al. 2011 ]. Owing to how common KRAS mutations are in NSCLC and the fact the they are associated with a poor prognosis in NSCLC, the clinical utility of KRAS mutational analysis has also been considered for predicting benefit from EGFR tyrosine kinase inhibitors in clinical trials and will eventually become an important biomarker in the treatment of patients with advanced NSCLC outside the context of clinical trials. Of note, an association between KRAS mutational status and benefit of anti-EGFR monoclonal antibodies (covered in previous sections) has not been demonstrated in NSCLC. As the most common oncogenic event in NSCLC, KRAS mutation also represents an elusive clinical target for ongoing drug development (KRAS downstream effector pathways) [Roberts and Stinchcombe, 2013] .
Gefitinib. Gefitinib is an orally active EGFR tyrosine kinase inhibitor that was shown to enhance antitumor efficacy of cytotoxics. Gefitinib was studied in several phase III trials following the two phase II trials that suggested favorable response rates and limited toxicity in patients with advanced NSCLC after failure of treatment [Fukuoka et al. 2003; Kris et al. 2003 ]. The ISEL (Iressa Survival Evaluation in Lung Cancer) study randomized 1692 patients with advanced NSCLC after failure of treatment into either gefitinib treatment or placebo. The results of this study showed no benefit in median overall survival [Thatcher et al. 2005] . Another study, the INTEREST trial, randomized 1433 patients with advanced NSCLC who had progression with previous platinum-based treatment to either gefitinib or docetaxel [Kim et al. 2008] . Again, there was no benefit in overall survival between those treated with gefitinib versus docetaxel. However, a recent phase III trial (INFORM) showed that maintenance treatment with gefitinib significantly prolonged progressionfree survival compared with placebo in patients achieved disease control after first-line chemotherapy [Zhang et al. 2012 ].
The IPASS study was a phase III trial that randomized 1217 previously untreated patients who were never smokers with NSCLC (adenocarcinoma) and showed superiority of gefitinib over carboplatin-paclitaxel. Those treated with gefitinib had increased progression free survival [Mok et al. 2009 ]. Interestingly, in the subset analysis, those who were positive for the EGFR mutation had increased progression-free survival with gefitinib, while those who were EGFR-mutationnegative experienced increased progression-free survival on carboplatin-paclitaxel [Fukuoka et al. 2011] . Same results of progression-free survival benefit were reproduced in the NEJ002 phase III trial which recruited EGFR-mutation-positive patients [Maemondo et al. 2010 ]. However, an updated overall survival results from this trial failed to show benefit of gefitinib in this setting [Inoue et al. 2013] . Another phase III trial randomized 177 patients with untreated advanced NSCLC that possess an EGFR-mutation to receive cisplatin-docetaxel or gefitinib . Those treated with gefitinib had significantly prolonged progression-free survival (9.2 versus 6.3 months, p = 0.0001), which was the primary endpoint of the study, supporting its use in this population of NSCLC patients expressing an EGFR-mutation. A recent meta-analysis concluded that first-line treatment with gefitinib conferred prolonged progression-free survival than treatment with systemic chemotherapy in the molecularly or histologically defined population of patients with NSCLC [Wang et al. 2012] .
Two phase III trials (INTACT-1 and INTACT-2) randomized chemotherapy-naive patients with advanced NSCLC into either chemotherapy alone (one employed cisplatin-gemcitabine and the other employed carboplatin-paclitaxel) or chemotherapy with gefitinib [Giaccone et al. 2004; Herbst et al. 2004] . Neither of these studies showed an improvement in overall survival with the addition of gefitinib to chemotherapy. Sequential gefitinib following platinum-doublet chemotherapy in this setting also failed to show benefits [Niho et al. 2012; Takeda et al. 2010] .
Erlotinib. Erlotinib is an orally available small molecule tyrosine kinase inhibitor of EGFR. It has a good safety profile, with common toxicities including rash and diarrhea.
The TOPICAL phase III trial compared erlotinib to placebo as first-line therapy in patients with advanced NSCLC unsuitable for chemotherapy. Although median overall survival did not differ between groups, patients with first-cycle rash had better overall survival [hazard ratio (HR) 0.76, p = 0.0058], compared with placebo [Lee et al. 2012] . The RADIANT (Randomized Doubleblind Trial In Adjuvant NSCLC with Tarceva) study, a phase III clinical trial comparing 150 mg of daily erlotinib versus placebo, has completed enrolling 945 subjects who are EGFRmutation-positive NSCLC patients treated with surgery with or without adjuvant chemotherapy [ClinicalTrials.gov identifier: NCT00373425]. The primary endpoint for this study is diseasefree survival. Recent data also show that neoadjuvant erlotinib in early-stage NSCLC patients has low toxicity and sufficient activity to deserve further testing [Schaake et al. 2012 ].
More importantly, results from two phase III, multicenter, open-label, randomized trials of erlotinib monotherapy versus chemotherapy as firstline treatment in patients with advanced NSCLC and EGFR-mutation positivity are now available [ClinicalTrials.gov identifiers: NCT00874419 (OPTIMAL) and NCT00446225 (EURTAC)]. In the EURTAC study patients were randomized to receive either erlotinib as monotherapy or a combination of platinum-based doublet chemotherapy every 3 weeks for 4 cycles [Rosell et al. 2012 ]. This study is the first prospective study of an EGFR tyrosine kinase inhibitor versus chemotherapy for first-line treatment of NSCLC in Caucasian patients with an EGFR-mutation. A total of 174 patients received erlotinib 150 mg orally daily as continuous treatment or any of the following combinations of chemotherapy: cisplatin-docetaxel, cisplatin-gemcitabine, carboplatin-docetaxel, carboplatin-gemcitabine. Erlotinib conferred a significant progression-free survival (primary endpoint) benefit over standard chemotherapy with 63% reduction in risk of progression (HR 0.37). Overall survival data are immature with, as expected, a high level of known crossover. As expected, no new safety findings were found and tolerability of erlotinib was consistent with previous studies. The OPTIMAL study is also the first study as upfront therapy comparing erlotinib alone to chemotherapy in Asian patients with NSCLC and an EGFR mutation [Zhou et al. 2011] . A total of 165 patients were randomized in this phase III trials to receive either erlotinib 150 mg daily or carboplatin-gemcitabine every 3 weeks for up to 4 cycles. Erlotinib was highly potent as first-line therapy with a median progression-free survival (primary endpoint) almost tripled (13.7 months versus 4.6 months) and with an 84% reduction in the risk of progression or death with erlotinib (HR 0.16). A significant quality of life benefit with erlotinib over first-line chemotherapy was also observed (over 70% of patients in erlotinib arm had clinically relevant improvement in quality of life). Also, erlotinib had less severe toxicity than chemotherapy, except for rash (mostly mild or moderate in severity). Recently, and based on the data from these two studies erlotinib was approved by EMEA as first-line treatment for NSCLC patients with EFGR mutation. Lower rates of central nervous system involvement were also noted in EGFR-mutationpositive advanced NSCLC patients receiving erlotinib (or gefitinib) compared with chemotherapy [Heon et al. 2012 ].
The TALENT (Tarceva Lung Cancer Investigation Trial) study randomized previously untreated patients with advanced NSCLC to receive cisplatin plus gemcitabine, with or without erlotinib [Gatzemeier et al. 2007 ]. There were no statistically significant differences between the two groups, and subgroup analysis of smokers versus nonsmokers involved a very small group. The TRIBUTE (Tarceva Responses in Conjunction with Paclitaxel and Carboplatin) study randomized patients with stage III-b/IV NSCLC into two arms: carboplatin plus paclitaxel, with or without erlotinib [Herbst et al. 2005 ]. Patients treated with erlotinib had similar median overall survival and time to progression compared with placebo. However, those who reported to have never smoked had an improved overall survival on erlotinib versus placebo and EGFR mutations seemed to be a positive prognostic indicator of response to erlotinib. Similarly, two randomized phase II trials comparing first-line erlotinib with or with carboplatin-paclitaxel in advanced NSCLC patients showed similar outcomes in both groups. EGFR mutations identified patients most likely to benefit [Hirsch et al. 2011; Janne et al. 2012 ].
The TORCH (Tarceva or Chemotherapy) study is a phase III multicenter randomized control trial that investigated which sequential approach in NSCLC is most appropriate and cost-effective. The study was stopped at interim analysis because of inferiority of the experimental arm. First-line erlotinib followed at progression by cisplatin-gemcitabine was significantly inferior in terms of overall survival compared with the standard sequence of first-line chemotherapy followed by erlotinib [Gridelli et al. 2012] . Functional domains and global quality of life did not differ between both arms, although some symptoms were better controlled with chemotherapy [Di Maio et al. 2012] . Similar data were retrieved from elderly patients [LeCaer et al. 2011] .
The BR.21 study was a randomized, placebo controlled trial on 731 patients with stage III/IV NSCLC after failure of first-or second-line platinum-based chemotherapy [Shepherd et al. 2005] . Two thirds of the patients received erlotinib (150 mg daily) and the remaining one third received placebo. The erlotinib arm showed significantly improved progression-free survival, overall survival, and quality of life (longer time to clinically significant deterioration) as compared with those receiving placebo. In a retrospective analysis of these patients, it was found that those with EFGR-mutation-positive tumors (by FISH) had improved overall survival, yet this was not seen in patients that were negative for the EFGR mutation [Tsao et al. 2005] . Erlotinib was thus approved for the treatment of recurrent NSCLC at a daily dose of 150 mg. More recent data from the TITAN phase III trial which was halted prematurely because of slow recruitment showed similar efficacy between erlotinib and docetaxel or pemetrexed in second-line treatment of patients with advanced NSCLC with poor prognosis [Ciuleanu et al. 2012] .
With regards to the use of erlotinib as maintenance therapy, the SATURN (Sequential Tarceva in Unresectable Lung Cancer) study randomized 889 patients in remission after 4 cycles of chemotherapy to either erlotinib therapy (150 mg daily) or placebo with the primary endpoint of progression free survival including EFGR-mutationpositive patients [Cappuzzo et al. 2010 ]. All patients experienced improved progression-free survival on erlotinib, and those with the EGFR mutation had a marked improvement [Brugger et al. 2011 ]. Median overall survival was also improved with patients in the erlotinib arm. In addition, erlotinib significantly extended the time to pain and analgesic use. Erlotinib was also tolerated well with similar quality of life scores in both groups [Cappuzzo et al. 2010 ]. It should be noted, however, that in a meta-analysis (BioLOGUE) of data from BR.21 and SATURN, no biomarker was felt sufficiently robust to select for the use of erlotinib in the maintenance or refractory setting [Soulieres et al. 2011] . A recent study also showed that gemcitabine continuation maintenance or erlotinib switch maintenance significantly reduces disease progression in patients with advanced NSCLC treated with cisplatingemcitabine as first-line chemotherapy [Perol et al. 2012 ]. The ATLAS trial was a randomized, double-bind, placebo-controlled study of 743 patients with advanced NSCLC who were in remission after receiving 4 cycles of chemotherapy [Miller et al. 2009 ]. The two arms were bevacizumab alone versus bevacizumab and erlotinib with the primary endpoint of progression-free survival. The trial was cut short during the interim analysis since there was an observed statistically significant improvement with the combination therapy over the use of bevacizumab alone. The data from these two trials suggest that erlotinib is indicated for use in maintenance therapy for NSCLC. Pooled analysis of the three trials confirmed that the addition of maintenance erlotinib significantly improves progression-free and overall survival in patients with advanced NSCLC who had not progressed after four cycles of first-line chemotherapy. The benefit did not seem to be limited to a particular subgroup, although it is more pronounced in never-smoking women patients with nonsquamous histology and a performance status of zero [Petrelli et al. 2011] .
Several trials evaluated dual targeted therapy for both EGFR and VEGF in patients with NSCLC, primarily using erlotinib and bevacizumab. In a phase II trial, survival in an unselected population of patients with advanced NSCLC treated with first-line bevacizumab and erlotinib approximated that expected with conventional chemotherapy [Akerley et al. 2013] . Another trial evaluated the same regimen and showed a nonprogression rate of up to 75%, although overall survival was disappointing [Dingemans et al. 2011 ]. Another two phase II trials evaluated the same regimen followed by platinum-based chemotherapy on progression and demonstrated acceptable toxicity and activity [Cohen et al. 2012; Zappa et al. 2012] . VeriStrat® analyses (a serum proteomic test) distinguished patients who were likely or unlikely to benefit from this combination in all such trials [Akerley et al. 2013; Gautschi et al. 2013] . Similar data were not as promising in elderly patients [Riggs et al. 2012] . Moreover, when both agents were incorporated with chemotherapy (carboplatin-paclitaxel) and used all together for first-line therapy in advanced NSCLC patients, lack of efficacy and substantial risk of esophageal toxicity were noted [Socinski et al. 2012] . A recent meta-analysis showed that combining targeted therapy with erlotinib seems superior over erlotinib monotherapy as secondline treatment for advanced NSCLC. Subgroup analysis based on phases of trials, EGFR status, and KRAS status also showed that there was a tendency to improve progression-free and overall survival in combining targeted therapy, except that progression-free survival for patients with EGFR-mutation or wild-type KRAS favored erlotinib monotherapy. In addition, greater incidence of grade 3 or 4 rash, fatigue, and hypertension were observed in combining targeted therapy [Qi et al. 2013] .
Afatinib. Afatinib (BIBW 2992) is a next-generation tyrosine kinase inhibitor that irreversibly inhibits both ErbB:EGFR (HER 1) as well as HER2 [Yap et al. 2010] . The drug has been recently evaluated in NSCLC patients who have failed erlotinib or gefitinib therapy. Initial data from an ongoing phase III trial in NSCLC patients (LUX-Lung 5) suggested the drug extended progression-free survival threefold compared with placebo, but did not extend overall survival [Metro and Crino, 2011] . The phase IIb/ III trial (LUX-Lung 1) came to the same conclusion [Miller et al. 2012] .
Dacomatinib. Dacomatinib (PF-00299804) is an irreversible pan-inhibitor of ErbB (EGFR/ HER 1, HER 2, and HER 4). In a recent randomized phase II study dacomitinib demonstrated significantly improved progression-free survival versus erlotinib, with acceptable toxicity in advanced NSCLC. Progression-free survival benefit was observed in most clinical and molecular subsets, notably KRAS wild-type/EGFR any status, KRAS wild-type/EGFR wild-type, and EGFR mutants [Ramalingam et al. 2012] .
Vascular endothelial growth factor receptor Sorafenib. Sorafenib targets Raf-1, VEGFR-2 and 3, PDGFR-α, c-kit, and Flt-3. It has received regulatory approval for the treatment of relapsed or refractory renal cell and hepatocellular carcinomas. A phase II study of sorafenib was conducted in patients who had previously received only one chemotherapy regimen for advanced NSCLC [Liu et al. 2006 ]. Patients received 400 mg sorafenib twice daily continuously on a 28-day cycle. Results demonstrated that sorafenib was well tolerated with the expected skin toxicities, hypertension, anemia, hyponatremia, and nausea, which are clinically manageable. Positive responses were observed in four out of five evaluable patients with relapsed NSCLC (two with partial responses and two with stable disease). A more recent phase II trial showed that treatment with sorafenib has relevant clinical activity in NSCLC patients that progressed after at least one platinum-containing regimen. Response was associated with harboring KRAS mutations [Dingemans et al. 2013 ]. However, the phase III trial (NEXUS) did not meet its primary endpoint of improved overall survival when sorafenib (400 mg twice daily) was added to first-line gemcitabine-cisplatin in patients with advanced nonsquamous NSCLC [Paz-Ares et al. 2012] . Similarly, a phase II study evaluating maintenance sorafenib therapy in patients receiving first-line paclitaxel-carboplatin did not meet its primary survival endpoint [Gervais et al. 2011] .
Sunitinib. Sunitinib is another tyrosine kinase inhibitor that targets VEGFR-1,-2, α3, PDGFR-α, -β, c-kit, and Flt3 [Mendel et al. 2003 ]. Sunitinib is approved as a first-line therapy in metastatic renal cell carcinoma and in second-line therapy for the treatment of gastrointestinal stromal tumors [Demetri et al. 2006; Faivre et al. 2006; Motzer et al. 2008] . Preclinical studies have demonstrated antitumor activity in a wide range of tumor models, including NSCLC. Sunitinib was studied in a phase I trial in combination with cisplatin-gemcitabine. The maximum tolerated dose was 37.5 mg. A total of 4 out of 18 evaluable patients achieved a partial tumor response; however, frequent dose delays due to myelosuppression occurred [Reck et al. 2010a] . Similarly, trials in patients with advanced solid malignancies (with an expanded cohort in NSCLC) showed that sunitinib at 37.5 mg was not tolerated when combined with standard pemetrexed and cisplatin doses, although it was well tolerated when combined with pemetrexed alone [Camidge et al. 2013; Chow et al. 2012] . A phase II study assessing the safety and efficacy of sunitinib in addition to carboplatin-paclitaxel in nonsquamous NSCLC found that this combination was also not well tolerated [Socinski et al. 2010] . Collectively, these studies indicated that the combination of sunitinib and platinum-based chemotherapy is not a favorable option as it is associated with high toxicity. In a phase II trial of sunitinib monotherapy in 47 patients with previously treated advanced NSCLC, the response rate was 2% (seen in only one patient) and was generally well tolerated [Novello et al. 2009] . A more recent trial in previously treated patients with advanced NSCLC showed that sunitinib plus erlotinib did not improve overall survival compared with erlotinib alone, but the combination was associated with a statistically significantly longer progression-free survival and greater overall response rate [Scagliotti et al. 2012a ]. Sunitinib is currently being studied in a phase III trial as maintenance therapy for patients with stage III/ IV NSCLC that have previously been treated with combination chemotherapy [ClinicalTrials.gov identifier: NCT00693992].
Cediranib. Cediranib is an orally available and potent small-molecule tyrosine kinase inhibitor that targets VEGFR-2. Two phase I dose-escalating studies of cediranib in combination with cisplatin-gemcitabine or carboplatin-paclitaxel were conducted in patients with advanced NSCLC. The cediranib-carboplatin-paclitaxel combination reported responses in 9 out of 20 patients (45%) [Goss et al. 2009; Laurie et al. 2008] . A phase II/III randomized control double-blinded trial studied the safety and efficacy of cediranib (30 mg daily) with carboplatin-paclitaxel in 251 patients with advanced NSCLC [Goss et al. 2010 ].
The study results showed that there was an improved response rate and progression free survival with the addition of cediranib to carboplatinpaclitaxel; however, increased toxicity, including hypertension, gastrointestinal toxicity, hypothyroidism, and hand-foot syndrome, was observed at the dose of 30 mg daily. Similar data were reported when the chemotherapy regimen included carboplatin-gemcitabine [Dy et al. 2013] . A randomized, double-blind, placebo-controlled trial is currently underway to assess the efficacy and safety of cediranib at a dose 20 mg daily [Clinical-Trials.gov identifier: NCT00795340].
Vandetanib. Vandetanib is a tyrosine kinase inhibitor of both VEGFR and EGFR. It was mainly evaluated as a second-line treatment for advanced NSCLC. A recent meta-analysis of four randomized controlled trials concluded that therapy with vandetanib offered a clinically meaningful and statistically significant improvement in progression-free survival and overall response in patients with advanced NSCLC but did not benefit overall survival. Therapy with vandetanib regimens might be suggested as second-line treatment for advanced NSCLC based on a similar toxicity profile compared with standard second-line therapy [Qi et al. 2011] . Figure 1 summarizes the drugs and their targets.
Other agents and future perspective
Targeting HER2 Human epidermal growth factor receptor 2 (HER2, or ErBB2) is overexpressed in 13-20% of NSCLC cases (with 3+ expression in only 2-6%), typically in the adenocarcinoma subtype, and more frequently in women and never-smokers [Oxnard et al. 2013] . Although the study of trastuzumab in HER2-overexpressing NSCLC did not identify significant clinical activity [Clamon et al. 2005] , the role of some of the aforementioned irreversible tyrosine kinase inhibitors targeting both EGFR and HER2 (afatinib and dacomitinib) has received recent attention. An early report from a phase II trial of afatinib alone in molecularly selected lung adenocarcinoma [ClinicalTrials.gov identifier: NCT00730925] described partial responses in two of five patients with tumors harboring HER2 mutations; although efficacy may have been limited by toxicity, which required several patients to come off study before progression [De Greve et al. 2012 ]. However, a prospective trial of dacomitinib has now reported only 3 responses out of 18 HER2-mutant lung cancers, suggesting that dacomitinib alone may be inadequate to fully inhibit this particular oncogene in patients [Oxnard et al. 2013] .
Targeting BRAF BRAF is a serine/threonine kinase downstream from KRAS in the mitogen-activated protein kinase (MAPK) signaling cascade. The high incidence of oncogenic BRAF mutations in melanoma led investigators to search for BRAF mutations in NSCLC. Upon sequencing of exons 11 and 15 of BRAF missense mutations were identified in 1.6-4.9% of NSCLC cases. Approximately half of the mutations identified were V600E, with one group finding that this particular mutation was more common in neversmokers [Oxnard et al. 2013] . A phase II trial of the BRAF inhibitor GSK2118436 is currently under way in BRAF V600E-mutant NSCLC [ClinicalTrials.gov identifier: NCT01336634] to prospectively study this approach in lung cancer. Because cancers with non-V600E BRAF mutations are unlikely to be inhibited by V600Especific inhibitors, inhibitors of downstream targets like MEK are being explored [selumetinib (AZD6244)] in this population [ClinicalTrials. gov identifier: NCT00888134].
Targeting insulin-like growth factor 1 receptor The insulin-like growth factor 1 receptor (IGF-1R) belongs to a family of receptors that can interact with its ligands, insulin, IGF-1, and IGF-2, to activate cellular proliferation, differentiation, and antiapoptotic proteins [Sachdev and Yee, 2007] . The circulating concentrations of IGF-1R ligands are tightly regulated by a range of high-affinity IGF binding proteins 1-6 (IGFBP1-6). There is evidence to suggest that the IGF pathway is active across a range of malignancies, including NSCLC [Yu et al. 1999] .
Figitumumab (CP-751,871) is a selective fully human IgG2 monoclonal antibody against the IGF-1R pathway. A recent randomized phase II trial of CP-751871 in combination with carboplatin-paclitaxel in patients with advanced NSCLC, in first-line setting, found an overall response rate of 54% for the IGF-1R inhibitor-carboplatinpaclitaxel combination compared with 41% for carboplatin-paclitaxel alone [Rodon et al. 2008 ]. Furthermore, a subgroup analysis found that the overall response rates of patients with squamous histology were as high as 78%. The most common grade 3-4 adverse events observed with the combination therapy included neutropenia, hyperglycemia, and fatigue [Rodon et al. 2008] . Cixutumumab (IMC-A12) is another IGF-1R inhibitor which showed unfavorable efficacy and tolerability when combined with erlotinib in patients with advanced NSCLC [Weickhardt et al. 2012] . Similarly, the combination of R1507, another IGF-1R inhibitor, with erlotinib did not provide progression-free or overall survival advantage over erlotinib alone in an unselected group of patients with advanced NSCLC [Ramalingam et al. 2011] . Clinical trials of other IGF-1R inhibitors in patients with advanced NSCLC in chemotherapy naive and chemotherapy refractory disease are ongoing.
Targeting the PI3K-AKT pathway using mTOR inhibitors
Growth factors, such EGF or IGFs, primarily regulate mTOR activity through signaling via the PI3K-AKT pathway [Cantley, 2002] . In various cancers, growth factor receptors such as IGF-1R, EGFR, HER2/neu, and PDGFR may be overexpressed, amplified, or mutated and drive the PI3K-AKT-mTOR pathway [Gadgeel and Wozniak, 2013; Hennessy et al. 2005] . These data suggest that targeting of this pathway with specific VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor; EGF, epidermal growth factor; EFGR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.
inhibitors could be used to treat these particular cancers. Preclinical studies have demonstrated that the inhibition of the PI3K-AKT-mTOR pathway restores gefitinib sensitivity and shows a synergistic effect in EGFR resistant cancer cell lines [Dong et al. 2012] . A phase I study of the combination of everolimus (RAD001), an mTOR inhibitor, and gefitinib in advanced NSCLC confirmed tolerability and showed encouraging responses [Milton et al. 2007 ]. However, a phase II trial of this combination showed a 13% partial response rate and did not meet the prespecified response threshold to pursue further study of the combination [Price et al. 2010 ]. Combination therapy with everolimus and erlotinib provided acceptable tolerability and disease control [Papadimitrakopoulou et al. 2012] . A randomized phase II study evaluating this combination in comparison with erlotinib alone is complete and is being analyzed. Promising anticancer activity was also noted in a phase I studies of everolimus in combination with docetaxel or pemetrexed for recurrent/refractory NSCLC [Ramalingam et al. 2010; Vansteenkiste et al. 2011] .
Targeting histone deacetylases
Histone deacetylases (HDACs) play an important role in the epigenetic regulation of gene expression by catalyzing the removal of acetyl groups from histones. This deacetylation results in chromatin condensation and the transcriptional repression of tumor suppressor genes [Bolden et al. 2006 ]. HDACs also target nonhistone acetylated proteins, such as p53, Rb, E2F1, HSP90, and tubulin [Carew et al. 2008] . Acetylation status of both tubulin and tubulin-associated proteins can modulate microtubule dynamics suggesting that HDAC inhibitors could enhance taxane-mediated disruption of microtubules and induce apoptosis [Carew et al. 2008] . As inhibition of HDACs could reverse the epigenetic silencing observed in many cancers, several HDAC inhibitors with various chemical structures have been developed for cancer therapy. These include the hydroxamic acids (vorinostat and panobinostat), short-chain fatty acids (valproic acid and pivanex), benzamides (MS-275 and CI-994), and cyclic tetrapeptides (desipeptide), among others. Treatment with these inhibitors stimulated cellular differentiation and cell-cycle arrest typically at G1/S, with an associated increase in p21 due to p53-independent induction of CDKN1A [Zhang et al. 2003 ]. Preclinical findings have led to phase I/II clinical trials of HDAC inhibitors either alone or in combination with standard chemotherapeutic or biological agents for NSCLC [Capelletto and Novello, 2012] . HDAC inhibitors were also shown to overcome resistance to EGFR tyrosine kinase inhibitors linked to epigenetic changes and epithelial-mesenchymal transition state. However, initial clinical trials did not yield promising results [Witta et al. 2012] .
Targeting c-MET c-MET is a proto-oncogene that encodes a protein known as hepatocyte growth factor receptor (HGFR) which possesses tyrosine kinase activity. c-MET receptor activation is associated with poor prognosis and EGFR tyrosine kinase inhibitor resistance in NSCLC. A recent randomized phase II study of erlotinib plus tivantinib (ARQ 197), a c-MET inhibitor, versus erlotinib plus placebo in previously treated NSCLC showed that the combination is well tolerated. Although the study did not meet its primary endpoint, evidence of activity was demonstrated, especially among patients with KRAS mutations [Sequist et al. 2011 ]. The phase III trial of this regimen (MARQUEE) [Scagliotti et al. 2012b ] has been halted following a planned interim analysis because it was not expected to meet its primary endpoint. Onartuzumab (MetMAb) is a humanized monovalent monoclonal antibody that binds to MET with high specificity. In a phase II study, patients with MET-positive tumors (≥50% of tumor cells stain 2+ or 3+ intensity by IHC) who received onartuzumab and erlotinib had nearly twofold reduction in the risk of disease progression and threefold reduction in the risk of death compared with erlotinib alone . A randomized, phase III, multicenter, double-blind study (MetLUNG) is currently recruiting adults with MET-positive advanced NSCLC who failed at least one but no more than two prior lines of platinum-based chemotherapy, to receive erlotinib + placebo or onartuzumab [ClinicalTrials.gov identifier: NCT01456325].
Targeting the proteasome
The proteasome is a multicatalytic intracellular complex responsible for the degradation of misfolded or damaged proteins that are targeted by ubiquitination. Key proteins degraded by the proteasome include those involved in cell cycle progression, proliferation, and apoptosis, such as p53, p21, p27, inhibitor of NFκB, Bcl-2, Bcl-xL, and Bax. Inhibition of the proteasome disrupts protein homeostasis and attenuates multiple signaling pathways that promote tumor transformation. This has led to the development of proteasome inhibitors, such as bortezomib, which has been extensively studied and has received regulatory approval for treatment of multiple myeloma and mantle cell lymphoma [Davies et al. 2007; Gettinger, 2008] . et al. 2009 ]. The combination of bortezomib with carboplatin and bevacizumab in the first-line setting was also very well tolerated with interesting clinical activity [Piperdi et al. 2012] . The encouraging results observed with bortezomib and in combination with chemotherapy may represent an exciting opportunity for further clinical trials, particularly in chemo-naïve patients. Of note, a randomized phase II trial of docetaxel plus cetuximab or docetaxel plus bortezomib as first-line therapy in patients with advanced NSCLC and a performance status of 2 showed that neither combination met the prespecified progression-free survival endpoint [Lilenbaum et al. 2009 ]. In previously treated patients, the addition of bortezomib to pemetrexed was well tolerated but offered no statistically significant response or survival advantage versus pemetrexed alone, while bortezomib alone showed no clinically significant activity [Scagliotti et al. 2010] . A more recent trial demonstrated that bortezomib plus docetaxel given sequentially or concurrently has similar response rate and progression-free survival with the median survival in the sequential arm exceeding published survival estimates for either agent alone or in combination [Lara et al. 2011b ]. The addition of bortezomib to erlotinib in previously treated patients also showed insufficient activity [Lynch et al. 2009 ].
Targeting the apoptotic pathway Apoptosis, a programmed form of cell death, is a highly regulated process [Samali et al. 1996] . A diverse array of cellular stresses trigger apoptosis by activating one or more signal transduction pathways which converge to activate a conserved family of aspartic acid-specific cysteine proteases called caspases [Alnemri et al. 1996 ]. The extrinsic, or death receptor-mediated, apoptotic pathway is activated following binding of death ligands to specific cognate death receptors expressed on the cell surface. Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) induces apoptosis by binding to its transmembrane, death domain-containing receptors, TRAIL receptor 1 (death receptor 4; DR4), and TRAIL receptor 2 (death receptor 5; DR5) [Mahalingam et al. 2009 ]. Preclinical studies have shown antitumor activity with TRAIL across a wide variety of cancer models, including NSCLC, when used alone and in combination with other anticancer agents [Mahalingam et al. 2009 ]. TRAIL and its variants, including death receptor selective monoclonal antibodies, are in early clinical trials and are being evaluated in advanced NSCLC. A phase I study of conatumumab (AMG 655), a monoclonal agonistic antibody targeting the DR5 death receptor, found that the agent was well tolerated up to 20 mg/kg and showed activity in NSCLC [Doi et al. 2011; Herbst et al. 2010 ]. The combination of dulanermin (recombinant human Apo2L/TRAIL) with paclitaxel-carboplatin-bevacizumab has also been studied in a phase Ib trial, in chemo-naïve patients with NSCLC. No grade 3/4 adverse events related to TRAIL were reported and 14 of the 24 patients (58%) responded to the combination [Soria et al. 2010 ]. In the phase II trial, the addition of dulanermin to paclitaxel-carboplatinbevacizumab and paclitaxel-carboplatin-bevacizumab did not improve outcomes in unselected patients with previously untreated advanced or recurrent NSCLC [Soria et al. 2011] .
Targeting the EML4-ALK fusion protein
A subset of patients with NSCLC exhibits an EML4-ALK fusion protein mutation, which is presumed to be an oncogenic driver. It appears to be associated with young, male, never-smokers, the adenocarcinoma histological subtype, and the lack of EFGR or KRAS mutations [Inamura et al. 2008; Koivunen et al. 2008; Martelli et al. 2009; Shaw et al. 2009; Wong et al. 2009 ]. Crizotinib (PF-02341066) has been studied in a phase I trial with positive response seen in more than half of patients and an estimated 6-month progressionfree survival of 72%, with a tolerable gastrointestinal side-effect profile [Kwak et al. 2010; Camidge et al. 2012 ]. An ongoing phase III trial, A recent retrospective analysis also showed that in patients with advanced, ALKpositive NSCLC, crizotinib therapy is associated with improved survival compared with that of crizotinib-naïve controls. ALK rearrangement is not a favorable prognostic factor in advanced NSCLC [Shaw et al. 2011 ]. On 15 March 2013, the highly selective inhibitor of ALK, LDK378, received Breakthrough Therapy designation by the US FDA for the treatment of patients with metastatic NSCLC who had progressed during treatment with, or were intolerant to, crizotinib. Initial results from a phase I study investigating the maximum tolerated dose, safety, pharmacokinetics and antitumor activity of LDK378 in 88 patients with ALK-positive advanced malignancies, as detected by an FDA-approved test and who had progressed during treatment with, or were intolerant to crizotinib, showed marked responses in a majority of patients with ALKpositive NSCLC. A response rate of 80% was observed in the patients who had experienced disease progression after crizotinib treatment. Two phase II clinical trials were initiated to further evaluate the compound in this patient population with plans to initiate several phase III clinical trials later this year [Shaw and Engelman, 2013] .
The heat shock protein-90 (Hsp90) has also become a target for therapy. A preliminary study has shown that a novel Hsp90 inhibitor has clinical activity in patients with NSCLC, particularly among patients with ALK rearrangements [Sequist et al. 2010] . A more recent phase II study evaluating this agent was terminated due to low accrual [ClinicalTrials.gov identifier: NCT01228435].
Immunotherapy
Ipilimumab, an anticytotoxic T-cell lymphocyte-4 monoclonal antibody, is commonly used in melanoma patients for evidence of survival benefit. A recent randomized phase II trial evaluated ipilimumab in combination with paclitaxel and carboplatin as first-line treatment in stage IIIB/IV NSCLC established benefit in progression-free survival and recommended additional investigation of this agent in NSCLC [Lynch et al. 2012 ].
Anti-PD-1 (BMS-936558, nivolumab) is a fullyhuman antibody that targets the inhibitory receptor expressed on activated T-cells called PD-1 or programmed death-1. In a phase I dose-ranging study the drug showed clinical activity in patients with previously-treated NSCLC, metastatic melanoma, and renal cell carcinoma [Topalian et al. 2012 ]. Data on a second investigational immunotherapeutic agent, the anti-PD-L1 (BMS-936559), were also published recently [Brahmer et al. 2012 ]. BMS-936559 targets one of the immunosuppressive ligands for PD-1, PD-L1, which is often expressed on tumor, stromal and immune cells. Antibody-mediated blockade of PD-L1 induced durable tumor regression (objective response rate of 6 to 17%) and prolonged stabilization of disease (rates of 12-41% at 24 weeks) in patients with advanced cancers, including NSCLC, melanoma, and renal-cell carcinoma. These encouraging data supported further investigation of anti-PD-1 in large-scale phase II and phase III trials [Brahmer, 2013] .
Mucin 1 (MUC1) is a glycoprotein that is overexpressed and aberrantly glycosylated in many carcinomas including NSCLC. MUC1 can stimulate cell proliferation and suppress apoptosis and therefore may have a role in tumour progression. Moreover, abnormal MUC1 expression is associated with progressive disease and metastasis [Bafna et al. 2010 ]. BLP25 liposome vaccine or L-BLP25 (Stimuvax®) is a therapeutic cancer vaccine that targets the MUC1 antigen. A phase II study comparing L-BLP25 plus best supportive care (BSC) with BSC alone in 171 patients with stage IIIB/IV NSCLC reported median overall survival times of 17.4 and 13 months, respectively, after a median follow up of 26 months (adjusted HR 0.74, p = 0.112). The greatest difference was observed in patients with stage IIIB locoregional disease in whom the median survival time had not been reached for the L-BLP-25 arm, compared with 13.3 months for the BSC arm (adjusted HR 0.524, p = 0.069) at the time of the initial publication [Butts et al. 2005 ]. An updated survival analysis in patients with stage IIIB locoregional disease reported a median survival time of 30.6 months with L-BLP25 compared with 13.3 months in the control arm [Butts et al. 2011 ]. On the basis of these findings, the phase III trial, START was initiate investigating the efficacy and safety of L-BLP25 as maintenance therapy for unresectable stage III NSCLC [ClinicalTrials.gov identifier: NCT00409188]. However, on 19 December 2012, the manufacturer announced that the trial did not meet its primary endpoint of an improvement in overall survival.
The Melanoma AntiGEn A3 (MAGE-A3) is expressed in 35% of early-stage NSCLC cases [Sienel et al. 2004 ]. The MAGE-A3 vaccine showed favorable results in a phase II trial recruiting MAGE-A3-positive patients with completely resected, pathological stage IB/II NSCLC; a possible gene expression signature predictive of clinical activity of the MAGE-A3 vaccine was also identified [Decoster et al. 2012] . A double-blind phase III trial (MAGRIT) [ClinicalTrials.gov identifier: NCT00480025] is recruiting patients with completely resected stage IB/II/IIIA MAGE-A3-positive NSCLC.
Belagenpumatucel-L, the EGFR, and the TG4010 vaccines are also being evaluated in advanced stage NSCLC, either as an adjunct to chemotherapy or as maintenance after completion of chemotherapy [Decoster et al. 2012] .
Tumor vascular disrupting agents
Vadimezan (ASA404) is a tumor vascular disrupting agent (VDA) that attacks the blood supply of a cancerous tumor to cause tumor regression. This agent was studied in combination with carboplatin-paxcitaxel as first-line therapy in two phase II trials for advanced NSCLC and showed survival benefit of around 5 months when compared with chemotherapy alone [McKeage et al. 2009; McKeage et al. 2008] . However, in a recent phase III trial the addition of vadimezan to carboplatin and paclitaxel, although generally well tolerated, failed to improve first-line efficacy in advanced NSCLC [Lara et al. 2011a] .
Conclusion
Despite recent advances in treatment of NSCLC, clinical outcome of these patients still remains a challenge. The search for innovative therapeutic agents in NSCLC that are more effective and have fewer side effects than older chemotherapeutic drugs has spurred the development of more than 500 molecularly targeted agents and thereby has introduced the concept of individualized therapy. In the process of identifying targets for therapy, our understanding of the molecular pathways involved in malignancy has also increased, and this knowledge of mechanisms of tumor cell growth and survival has translated into clinical trials of drugs that have clearly changed the treatment landscape. With a median age at diagnosis of 70 years, many NSCLC patients previously considered ineligible for anticancer therapy because of comorbidities and frailty may now receive treatment. Yet despite these apparent advances, for most patients with NSCLC targeted therapies have not dramatically changed clinical outcome. The molecular complexity of lung cancer underlies these disappointments and stresses the need for optimizing treatment by seeking a more personalized approach to care. Therefore, clinical trials that investigate activity of novel agents, and incorporate patient selection based on clinical and molecular factors, are required.
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